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Jic •DEPARTMENT OF THE ARMY
U. S. ARMY AVIATION MATERIEL LASORATORIES

FORT EUSTIS. VIRGINIA 23604

This report has been prepared by the Aerojet-General Corporation
under the terms of Contract DA 44-177-AMC-224(T). It consists of
a discussion of the criteria established and the approach followed
to design and fabricate a personnel protective armor system for
the crew members of a UH-1 aircraft. The unique feature of the
armor system is its capability of offering either .30- or .50-caliber
ballistic protection through the use of interchangeable armor com-

# ponents.

The object of this contractual effort was to seek original and
unique design techniques and fabrication efforts which would pro-
vide adequate ballistic protection against either .30- or .50-caliber
projectiles through the means of interchangeable armor components
with minimum weight penalties.

In general, it can be stated that the design solution presented in
the report is a possible approach, provided that the aircraft can
accept the associated weight penalties.

The conclusions and recommendations contained herein are concurred
in by this command. This concurrence does not imply the practicality
or endorsement of the use of such a system specifically for a UH-l
aircraft. However, it is believed that the principle of interchange-
able armor panels to provide varying levels of ballistic protection
for Army aircraft is technically feasible.
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ABSTRACT

The design and evaluation of two interchangeable UH-l aircrew armor
systems capable of defeating T.62=, .30-caliber, and .50-caliber AP
anmunition are described. The design features of the systems are
described, and a structural analysis of the system is presented.
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SYMBOLS

A shear tear-out area - in. 2

s

A vertical acceleration - g
U

A fore and aft acceleration - g

A lateral acceleration - g

a distance from impact point to test panel support point - in.

b width of panel at support point - in.

E modulus of elasticity - psi

Ftu ultimate tensile strength - psi

I moment of inertia - in.

K elastic energy loss factor
K' tile fracture and local elasto-plastic energy loss factor

L length - in.

M bending moment - in.-lb

M.S. margin of safety

Mcr critical bending moment - in.-lb

Nz ultimate vertical load factor - g

N ultimate fore and aft load factor - g
y

N ultimate lateral load factor - g

P c axial load - lb

P0 applied shear load - lb

Pz vertical flight acceleration load - lb

P1  fore and aft flight acceleration load - lb

P lateral flight acceleration load - lb

H outside radius - in.

: inside radius - in.

V i velocity of projectile at impact - in./Fec

Wb weight of tile-plate azrr system - lb
Wý weight of seat - lb

W weight of pilot - lb

X point of maximum bending moment - in.

8a measured impact deflection - in.

ix
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-- impact deflection - in.

85 static deflection - in.

a, impact stress - psi

a- static stress - psi

.j radius of gyration - in.
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SU~h1RY

Army aircraft and personnel engaged in combat operations in Southeast
Asia are often exposed to small-arms (.30-caliber, .50-caliber, and
7.62mm projectiles) ground fire. In order to combat this threat, air-
crew armor systems have been developed. Present airmobile assault
operations are encountering increasing levels of heavier caliber machine
gun and antiaircraft weapon fire. The purpose of this project is to
design and fabricate an improved UH-I aircrew armor system capable of
meeting this intensified threat, up to .50-caliber armor-piercing
projectiles.

A seat configuration was developed by employing proven principles of
human engineering design and using the armor panels as structural members
of the assembly.

The system was designed in a kit form using interchangeable armor panels
capable of providing protection against .30-caliber and .50-caliber

projectiles. The panels are bracketed together, permitting replacement
of damaged components and allowing interchangeability of either .30- or
.50-caliber individual armor components. This armor system concept may
be used in a variety of aircraft. The brackets are specifically designed
to attach the kit to the seat frame of a UH-ID and to the seat track of
either a UH-lB or a UH-ID helicopter.

The armor selected consists of a ceramic-aluminum system for .30-caliber
protection and a ceramic-titanium system for .50-caliber protection.
The .30-caliber armor weighs approximately 10.5 pounds per square foot;
the .50-caliber armor weighs approximately 18.5 pounds per square foot.
Total assembled seat weights are as follows: .30-caliber, 205 pounds;
.50-caliber, 330.5 pounds.

Fabrication drawings were prepaied, and from these the required hardware
was fabricated. The hardware items consist of a .30-caliber armored
seat and a 050-caliber armored seat, plus an extra set of .30-caliber
armor panels and an extra set of .50-caliber armor panels.

The seats were inspected at Aerojet on 7 July 1965, and the seats plus
extra sets were subsequently shipped to Ft. Eustis.

A stress analysis was performed on each of the systems to evaluate the
effect of acceleration and ballistic impact loads on the support
structure bracketing and armor panels. The results of the stress
analysis appear as a portion of this report.

1
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CONCLUSIO1M AND IMCOMMMATIOE

It is possible to accommodate a 95-percentile man and provide essentially
100-percent protection to the trunk torso area of this man by use of an
armored seat for the UH-l aircraft. Very limited design comproLcises are
required to achieve a single basic system with interchangeable panels to
provide protection against .30-caliber or .50-caliber projectiles and to
permit relatively rapid replacement of damaged panels.

9he use of the mosaic tile system for the flat panels is both functionally
acceptable and relatively straightforward from the fabrication stand-
point. The mosaic system is functionally acceptable for the chest
protector, but because of the configuration of the protector, fabrication
is more difficulw than in the case of the flat panels.

The use of single-piece curved tile, possible with fiber-glass-reinforced
plastic backing for the chest protector, should be considered in future
designs.

As demonstrated on the current UH-ID and UL-lB/D armor programs, sliding
outboard shoulder panels rather than the fixed type permit more rapid
egress from the aircraft. This feature is recommended for future designs
of the UH-1 aircrew systems developed in this program.

2
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DISCUSSION

OBJECTIVE

The objective of this program was to design and evaluate two inter-
changeable UH-I aircrew armor systems. One system was to be capable of
defeating 7.62mm and .30-caliber AP ammunition. The other system was to
have the capability of defeating .50-caliber AP ammunition.

DESIGN HEQUIFEWTS

Mhe following technical criteria govern the design of the systems:

1. Ballistic Requirements

a. One system must be capable of defeating .30-caliber and
7.62nm AP M2 ammunition fired at a 100-yard range and
impacting at a 15-degree obliquity.

b. One system must be capable of defeating .50-caliber AP
M2 ammunition fired at a 100-yard range and impacting
at a 15-degree obliquity.

2. Configuration

a. The systems must accoraodate a 95-percentile man.

b. The systems must provide 100-percent protection to the trunk
torso area of the 95-percentile man.

c. The systems must not interfere with operation of the flight
controls by either member of the aircrew.

d. The front torso protection must not rest upon the legs of
the wearer.

e. Each system must be capable of being installed by a maximwui
of two personnel using a standard ilitary tool kit.

f. The systems must be designed so that a mininmm of
modification of the aircraft structures or components is
required for installation.

g. Each respective component within both systems must be
interchangeable (i.e., .30-caliber seat bottom must be
interchangeable with .50-caliber seat bottom, etc.)

r
3h



3. Weights and Loads

a. The maximum allowable areal densities of the armor material
are as follows: 10.5 pounds per square foot for the .30-
caliber armor, and 20 pounds per square foot for the . 50-
caliber armor.

b. Bracketry and supporting hardware must be stressed for
the following ultimate load factors:

N Z= *T-O0

NZ = *3.Og
yV x

c. The design of supporting bracketry for all armor components
must incorporate sufficient structural strength to hold
each component intact under maximum ballistic shock.

DESIGN

Based on tfe technical criteria enumerated above, designs were es-
tablished for the .30-caliber and the .50-caliber systems. In each
case, the design represents an engineering talance of the consideration
of protected area, function and convenience, comfort, system weight,"and ease of installation.

The basic armor system design is shown schematically in Figure 1. Fbr
both the .30-caliber and the .50-caliber systems, the armored seat
consists of a supporting structure plus a series of panels and a chest
plate to provide the required ballistic protection.

Design features for each of the systems are described briefly below.

1. Supporting Structure

The supporting structures for both the .30-caliber and .50-caliber
systems consist basically of the A-frame for the current production
model of the UH-lD helicopter aircraft seat. The A-frame can be
installed on the standard floor mounting tracks of either a UH-1B
or -lD aircraft. Basic modifications required for the A-frame were
widening of the irame and reinforcement of the structure to sustain
the additional loads imposed by the armored shell. Widening of the
frame was accomplIshed by merely extending existing frame members
to ensure acceptance by the standard floor mounting tracks. Modi-
fications were not made to the track attachment.

Provision for vertical and horizontal adjustment of the seat for
both systems is comparable to the adjustment in the current design.
In both systems, horizontal adjustment is identical to the current

'4
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design. However, because of the appreciable difference in weight between
the .30-caliber and . 50-caliber systems, two different methods of
accomplishing vertical seat adjustment were evaluated. One design is
applicable to the .30-caliber system only. The other design is appli-
cable to either system. However, the design with dual applicability is
considerably overdesigned for the .30-caliber system.

Springs are used to provide the 3lfting force for the .30-caliber system
only. A hydraulic system with a manual pump is used for the .50-caliber
system.

Back and bottom panels capable of defeating either .30-caliber or .50-
caliber ammunition may be bolted to the supporting structure. Identical
hole patterns are provided in the two systems to permit the required
interchangeability of panels.

Because the .50-caliber armor system is considerably heavier than the
.30-caliber system, additional structural reinforcement of the A-frame
is required in addition to the use of the hydraulic lifting device.
The reinforcement involves replacement of the lower aft cross member
of the A-frame by a member c&pable of sustaining the loads imposed by
the hydraulic cylinder which supports the seat. In addition, the
structural X-members which support the armored shell were reinforced
and modified to accommodate attachment of the upper end of the hydraulic
cylinder.

2. Armor Panels

The armor panels for the two systems are similar in that they consist oi
ceramic tile facing, an adhesive system, an elastomeric layer to provide
decoupling between the tile and the backup plate, and a metal backup
plate.

An exploded view of a typical armor panel is shown in Figure 2.

Aluminum angles are riveted to the back and bottom panels to permit
mounting and support of the side panels, shoulder panels, and head
protector. All panels are drilled and tapped to permit attachment
of the bottom and back panels to the supporting structure and to
permit attachment of the other panels to the side and back panels as
well as to the supporting brackets. Brackets are used to adequately
support the shoulder panels.

As indicated above, identical hole patterns are provided in the two

*A systems to permit the required interchangeability of panels.

3. Chest Protectors

The construction of the chest protectors is similar to the construction
of the panels in that the chest protectors -Are metalbacked, aluuuna tile.

6
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'ihe inner surface of each of the chest protectors is covered with a 0.75-
inch-thick rubber pad (Rutatex). This rubber padding has been provided
t: attenuate ballistic impact forces and to offer a degree of comfort
while in use.I The chest protector is supported from the crotch protector extension on

7/ the bottom plate. The bottom surface of the protector is supported
sufficiently high that it does not rest on the legs of the crew member.
The chest protector is held against the crew member's chest by means of
two pieces of bungee cord which are fastened near the top of the pro-
tector and have a quick-release capability to provide for rapid egress
when required. The bungee cord is attached tA clips which are bolted
to the back plate.

The bottom support for the chest protector is a ball and socket joint.
A hardened steel ball is mounted on the base plate. The mating steel
part is attached to an armored tab at the bottom of the chest protector.
The ball and socket are essentially locked together, except when the
chest protector is tilted to the extreme forward position.

The ball and socket concept in combination with the elastic cords at the
top allows free movement of the crew member in the seat. Rapid egress
is made possible by quick release of the bungee cord clips and a tilting
of the chest protector forward so that the ball is released from the
socket.

BALLISTIC CONSIDERATIOE AND COVERAGE

1. Ballistic Considerations

The .30-caliber armor must be capable of pi'otection against .30-caliber
and 7.62mn AP M2 ammunition fired at a 100-yard range and a 15-degree
obliquity. The . 50-caliber armor must be capable of providing protection
against .50-caliber AP M2 azmuunition fired at a 100-yard range and
impacting at a 15-degree obliquity.

The selection of the armor meterial for the two systems was made on the
basis of past experience as well as testing by Aerojet and others. Metal
backup was used rather than fiber-glass-reinforced plastic backup because
of structural support and attachment advantages. Single-tile test
specimens of .30 caliber and .50 caliber were fabricated and subjected
to ballistic impact. The specimens defeated the .30-caliber and .50-
caliber projectiles when they were fired at a distance of 100 yards and
impacted at an angle of 15 degrees relative to the test specimen.

2. Coverage

The systems must provide 100-percent protection for the trunk torso
region of the 95-percentile man.

j 8



Protection afforded by the seat and chest protector is shown in Figure 3.

It may be noted from the illustration that full protection of the trunk
torso area is provided. Crotch protection is provided by the integral
angled extension at the forward end of the bottom plate. The chest
protector provides the fullest protection possible without seriously
restricting movement of the aircrew member in the seat. In addition.,
the top trapezoidal-shaped panel provides protection for the head
against ammunition fired from the rear (Figure 4). Side protection
is shown in Figure 5.

WEIGHT AND CENTER-OF-GRAVITY ANALYSIS

Areal densities of the armor materials must not exceed 10.5 pounds per
square foot for the .30-caliber armor and 20 pounds per square foot for
the .50-caliber armor. (These weights include the spall shield, bonding
resins, and other components of the armor.)

No total weight was specified for either armor system. However, each
system must be capable of being installed by a maximum of two men. No
center-of-gravity (cg) requirement was defined for the systems. However,
a cg determination for each system was required.

1. Weight

The average areal density of the .30-caliber armor fabricated in this
program is 10.5 pounds per square foot. The average areal density of
the .50-caliber armor is 18.5 pounds per square foot. The weight of
each panel is shown on Figures 6 and 7.

The total weight of the .30-caliber seat and chest protector is 205
pounds. The total weight of the .50-caliber seat and chest protector
is 330.5 pounds. Each of the seats can be lifted and installed in the
aircraft by two men, if necessary.

2. Center of Gravity

The location of the center of gravity for each system is shown on
Figures 6 and 7.

STUCTURAL ANALYSIS

1. Introduction

The structural design of the UH-lB helicopter armored seat was based
upon two requirements: (a) the capability to resist ballistic impact
loads and (b) the ability to sustain loads imposed during acceleration
of the aircraft. Two geometrically similar designs were developed with
the capability of resisting penetration by .30-callber and .50-caliber
armor-piercing projectiles when fired at a 100-yard range and a 15-degree 4

obliquity.

9
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Figure 3. Front View of Armored Seat.Stowing Coverage
Afforded a 95-Percentile Man.
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Figure 4.Back View of Armo~red Seat.
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Fiue5. Side View of ArmoredI Seat.
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The ballistic impact loads determined the design of the supports for the
individual panels. The armored panels were designed to sustain the
separate impact of projectiles. Simultaneous impact of two or more
projectiles will defeat the armored panel. Therefore, maximum ballistic
shock, defined as the "summation of energy expended upon the total
surface area of any component by the total number of projectiles re-
quired to defeat it", is simply the ballistic shock imposed by the
energy expended by one projectile at any given time.

The loads imposed during acceleration of the aircraft determined the
design of the armored seat support structure.

2. Structural Design Criteria

a. Impact Stresses and Deflections

Wben a ballistic projectile impacts with an armored (tile-
metal) panel, a large part of the initial kinetic energy
is dissipated during fracture of the tile; and if the
armor defeats the projectile, the remainder is absorbed
during the propagation of elasto-plastic waves in the
supporting structure. Approximate formulas for impact
stresses have been developed., and energy losses are
determined by considering the momentum of the entire
system before and after impact. Losses are conveniently
taken into account by multiplying the available energy
by a factor, K. This factor, however, neglects energy
losses sustained during fracture of the tile.

In order to assess energy losses attributed to the tile-
metal panel system, an armored test specimen, designed
to defeat .30-caliber AP projectiles, was subjected to
ballistic impact, and specific deflections were recorded.
These data permitted correlation with theoretical values,
and the factor K was modified accordingly. The modifying
factor, K', is assumed to apply to any armored panel
regardless of the form of structural restraint, since
the tile fracture is quite localized.

The test specimen is shown in Figure 8.

Raymond J. Roark, brzu,,as for Stress and Strain, Third Edition,
McGraw-Hill Book Company, Inc., New York, New York, 1954, PP 331-332.

15
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Figure 8. Armored Panel Test Specimen.

The armored panel was fixed at one end and subjected to
ballistic impact at a point 2.50-inches from the opposite
(free) end and on the horizontal center-line of the panel.
Since the ratio of impact stress to static stress is equal
to the ratio of impact deflection to static deflection,
the following equation enables the determination of the
modifying factor, K':

1/2

(i/6I• c /%) (1)

The theoretical maximum deflection at the free end is
given by

1/2

V1= K#. K 
(2)

where

8 = static deflection (due to weigth of the projectile)

Vi = the measured velocity at impac' = 3.05 x 104 in./sec

K' = tile-fracture energy loss factor
-



K =elasto-plastic energy loss factor (aluminum panel)

L' and cr= impact and static stresses,, respectively.

The deflection measured at the end of the test panel is

8A = 0.50 in.

Then

8j = 8

and (6A 2 ) (3864)

6S Vi K

For a cantilevered panel,

(3a2 L - a)

This equation yields the maximum deflection, at the end of
the panel, for an intermediate load. Also

1 + Wb

vhere(1 )

WP=weight of projectile in lb ~- 0. 0235 (.3O-caliber AP)
R mdulus of elasticity of aluminum plate = 10T psi
I =moment of inertia = bt3/12 = 18 (0.25 )3/12 = 0-0235

Wb =wight of the tile-plate system = 23.5 lb

'Wb = 103.

p

*Ihymond J. Roark, Ibrmu~las for Stress and Strain, Third Edition, McGraw-
Hill Book Company,, Inc.,, New York, New York, 19514, p 100, case 2.

17
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Substituting,

K= . . 2 = 1.68 x10-3

[1+ (10~)
'ks.

as 0.035 (81425) 1.- . (1o0)
6(1o') 0.0235

K' = (0.50) 386.4
1.4 X 10" (9.32 x lou)(1.68 x 1o"0

K' = 0.44.

This factor is assumed to apply to the .50-caliber system

as well.

b. Flight Acceleration Loads

Brackets and supporting hardware will be designed to sustain
the following ultimate load factors:

A = *7.oQg
u

A = *3.Og

A = *3-Og
Xu

3. Structural Anaysis

a. Ballistic Impact-Stress Analysis

Detailed analyses of all the armored panels of the seat were
conducted. The results indicated that the impact stresses on
the .50-caliber panels far exceeded the impact stresses on the
other panels and had the lowest margin of safety. It is
assumed that the shoulder panel, head protector, and side
panel are cantilevered, as indicated in the following
illustrations. It is assumed that the bottom panel and

4 back panel are simply supported. The general impact stress
equation is

18
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0.44 K V 2K 11/2

Nomenclature for the equation is presented in the test-
panel analysis section. Ballistic impact stress analyses
are presented below.

(1) Ballistic Impact Stress - Cantilevered Panels

Analysis-Shoulder Panel - The projectile is assumed
to strike the shoulder panel as indicated in the
figure. Impact at this point will result in the
highest stresses in the aluminum angle vhich
supports the armor plate at the shoulder-back
connection point.

.50-caliber system E = 15 x 106 psi (titanium)

b = 16 in. W = 0.10 lb

t = o.25in. Wb =33.o lb

L = 14 in. Wb
= o30

1+ bx 1 +°'.236 --bp ~ .T6,o

wb 0 75![ + 0.375 (30
WP Wp

K = 50.6 (lo0)

M = WpL =0. 10 (14) =1.4 in.-lb

19



2- 6 8"'L 8.4 psi
bt2 16 (0.25)2

Vi 2700 ft/sec = 32,400 in./sec
(standard round velocity at

SUPPORTED EDGE 100 yards)

bt' 16 (0.25)3 0.0208 i.F> 1 T2- 12
W L

........ 0.10 (14)3- CLl 3 (15)(106) 0o.20

- -T POINT 2.93 (1o" )

1/2

T ~= %Vi (0-033T)

1/2

Figure 9. Shoulder Panel a- 8.4 (32,400)(0.0337)ia..6
Geometry (.30 and .50 12'9)
Caliber). 38,000 psi

Tfhe ultimate tensile strength of the material of the
supporting angle (2024-T4) is

F tu 62,000 psi.

Tfhe margin of safety is

F
M.S. =:!- - 1 = +0.63.

Ci

.•0-caliber system

b =16 in. W = 0.0235 lb

t =0.25 in. W 2 lb
L 14 in.
E 10T psi (aluminum) P

20



1• +• 0. ?26(§L

K 1 T+0.236 ((852) 1 04)
[1 + o.3T5 (852)j 2

M = W L = 0.0235 (14) = 0.329 in.-lb

Cr = 6M. 6 0.3292) 1.975 psi
s bt 2  16 (0.25)2

Vi = 30,500 in./sec (standard-round velocity
at 100 yards)

= bt3  -16 (0.25)'3 = 0.0208 '.4
12 - 12

88 L - 0.0235 (14.) = 1.033 (o-'4)
s =3 ET = 3 (1oT) 0•0208

0 - = V. (0.033T ) ( c1/2

1/2

S= 1.9T5 (3o,500)(o.o033)T)i 1•

or= 8,8.40 psi

The margin of safety is

M.S. F.u -62000 1 6.o.

21
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Head-Protector Panel

.50-caliber system

b = Xi.75 in. W = 0.10 lb
t = 0.25 in. Wb 13. 82 lb
L = 9.75 in. Wb
E = 15 (106) psi - =38.2p

K 1 + 0.236 (138.2) _ o 4)

M = W•L =0 .10 (9.75) = o.095

6 m 6 (0.=95) = T.98 psi
IMPT P 8 bt 1 1l.75 (0.25)2

1 Vi = 32,1400 in./sec

La OT7 bt' 11.751 00153 in. 4

L = -M12

01 (9.75)3L 11uI.75 8= L3  (9)-=- boo.? • 6 : : 0.10

ICPEC W 3E1I 3 (15)(1o6) 0.0153
= i.35 (1o"•)

Figur 10. Head Protector
Panel Geometry (.30 and 1/2
.50 Caliber). -= Cr Vi (0. 033T) )

2 1/2
= 7.98 (32,400) (0.0337)

= 82,000 psi

Me allowable ultimate stresse of the supporting
bracket (titanium - 6AI-4V) .s

tu = 130,000 psi.

22



771-

The margin of safety is
F-- 130,000

M. - u = ,000 1 = +0.59.

1 30-caliber system

b = 11.75 in. Wý = 0.0235 lb

t = 0.25 in. w= 8.5 lb

L = 9.75 in. W

E = 1o7 psi w = 361 W0!

K = 1 + 0.236 (361) 4 15.8 (io"'
[i + o0375 (361)12

M = WL = 0.0235 (9.75) = 0.229 in./lbp1
6= 6 (0.229) 1.875 i

bt- 11.75 (0.25)2

Vi = 30,500 in./sec

bt• 11.15 (0.25)' 14.
12 12 = 0.0153 in.4

.• _ 0.02,35AT (17P _-o •0.o"4
8 = 3(1T)(00153)

= o Vi (0.033T) 
1/2

1/2

(Y. = 1.875 (30,500)(0.o117) = 19,000 psi

The allowable ultimate stress of the material of the
supporting bracket (2024-T4) is

tP = 62,OOO psi.
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The margin of safety is

L~t 12,000
14S. ti =; 1 =+2.26.

AS 0.30 WN 0.5INE IER

Figure 11. Side Panel Geometry
(G3o and -50 Caliber).

Seat-Side Panel

.50-caliber system

b = 20 Oin.W b= wei&Ao atl

t = 0.25 in. segment -. 0.40 (W b

6 . n Wb = 0. 40 (2.5.28) lo0
E 15 (10)PSI. Wb
W =0.10lb w-=100

K = 1+ 0.26 1002) 2 166 (10-4)
14, 0- 3T5 (100)J2

M W L 0.10 (6) = o.o in./lb,

6M 6- 6(0.6o) :2.8 s
13 bt 2 20 (0.25 )2 .8ps



Vi = 32,400 in./sec

bt3 20 (0.45)3 0.02 in. 4
12 = 12

w = L3 0.10 (6)3 .- = o.1845 (10-k,

(3) (15)0.06)(o.026)

o% = : %0 v 0 3 3 7 ) 1 / 2

1/2
. ( 166= 9,3000 PsiK_- =i = 2.88 (32,400)(0.033T) o330 s

The margin of safety is

M.S. = F -1 130,000 - 1 = +0.39.
0' 9,300o

.0-caliber system

b = 20 in. Wp = 0.0235 lb

t = 0.25 in. Wb = 0.40 (wbo ) = 0.40(15.23)

L = 6.0 in. = 6.1 lb

E = 10 T psi Wb

itilevered •- = 260o0(Wot ) wp
( total) 

~2 2 o P=6 4
S10 lb K2'~~~L~ 6.1K = 1 + o.375 (260)] .3 (1O

M = W L = 0.0235 (6.0) = 0.141 in./lbp

=6 6 (0.141) = 0.677 psi
a bt 2 20 (0.25)2

Vi = 30,500 in./sec

bt3  20 (0.25)3 = 0.026 in.
4

12- 12



IrI

S.L. . = 0.=065 (1o"03EI 3 (1o0 )(o0. 066)

IIC 1/2
'r, = r . ( " o37) L

1/2

= 0.677 (30,500)(0.o0yr) (03) = 21,800 psi.

Mhe margin of safety is

F tu 62,000
X.• S. = 21=,00 1 +I.84.

(2) allistic Impact Stress - "Simply Supported" Panels

Analysis - Bottom Panel - The armored panel is assumed
to be "simply supported," with the projectile im-
pacting at the center of the panel as shown in the
figure.

-I MPACT POINT

Figure 12. Bottom Panel Geometry
(.G0 and .50 Caliber).

.50 caliber system

b = 15 in. W O.l0-1b

t 0.25 in. = 4o3.lb

L -l5 in- U

f E -15 (16 )pa

A



F0

WLW35 W
K 2+---- 00. 4 86 (402.3) 30.9 (10o4

(1 + i + 0.625 (402.3)])2

W L
piM =-- 0=10 (15)=0.3T5 in./lb

cr 6M4 6_ 035 s

bt 2  15 (0.25) 2-

Vi 32,400 in./sec'is t 15 (0.25)'

u8 
= 12•0. 12 ) 0.0195 in. 4

sumed122

, s .W 3 o0.10 (15)3 0.24 (1o0)

48 (15)(1o6)(o.0,95)

1/2• : % • 0o.033T) ( ,

1/2

c:i 2.4 (,2,400)(o.o,,7) (.2 ) = .9

The allowable stress of the material of the supporting
angle (6061-T6) is

Ftu = 38,o00 psi.

The margin of safety is

M.S. 38,000 1 = +0.28.
29,-00

2T



.20-caliber system

b = 15 in. W = 0.0235 lb

t = 0.25 in. Wb = 24.40 lb

L -l15 in. Wb

E = 107 psi W- = 1,038
p

K + o.486 (1,o28) _12 (10-

[ + 0.625 (,o)J2

M + -- o.o882 in. /lb

6M 6 (0.0882) =0.565 Psi
a's :bt 2  15 (0.25)2

Vi= 30,500 in./sec

bt3 12 (0.?5) = 0.0195 in. 14
I 12•'= 12

S = 0= 0.0846 (10-4) in.
&- = a8 (107)(0-0195)

i B i oo )/12

= 0.565 (30,500)(0.0337) 12 = 6,910 psi

The margin of safety is

=8,0o -1 = +14.52

Sx~s. 6, 28



Analysis - Bck Panel - The critical area in the
back occurs in the lover half. The upper half
supports the shoulder panel and head protection
masses, which attenuate the impact stresses
considerably (see Figure 4). The lower segment
of the back panel will be assumed to be "simply
supported," as shown in the figure.

.50-caliber system

b = 13.0 in.

t = 0.25 in.

L = 16.0 in.

E = 15 (10 6) psi T
W = 0.10 lb

= 30 lb (lover segment) ACT

POINT

-- = 300 L

Figure 13. Lover Segment,
Back Panel.

S:1 + o.486 boo) 41.3 (1O")
1 + o.625 (30)]2

W L 0.10 (16) = 0.40 in./lb
+ = --

6m 6 (o.40=o. -
;t2  13 (0.25 )2 - . psi

Vi = 32,400 in./sec

I t 13 (0.25 = 0.0169*in.4
12 12

-2
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W
8~ - 0.10 (1 0.-4(o'

•'- 48 (15 1o)(o. o169)

K 141.31/

= 2.95 (32,4O0)(0.033T) = 35,800 psi

The margin of safety is

130.000
M.S. = 1,0o0 _ 1 = 2.64.

• 30-caliber stem

b = 13.0 in. W = 0.0235 lb
t = 0.25 in. Wb = 19.2 lb (lower segment)
L = 16.0 in. Wb 9.2= 817

E = 10Psi Wp - 0.0235

K = 1 + o*486 (817)- 15.25 (1o"-)
[1 + o.625 (87)] 

2

WL
M= = 0.0940 In./=b

t_6 6 (o.o94)
a bt•2  13 (0.25)•2 .69 pi

Vi 30o,500 i.l/sec

I _ 1bt3 (1 ) = 0.0169 in. 4
I 12 12

W L3

-~~ 68 = 2 ~ I . 0.119 (1 0-4

48 (.o7) 0.0169

o1 = 0.694 (30,o5o)(0.0337) 1 2= 8000psi

--. 30
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Nk

The margin of safety is

M.S.= -- tu = 62,000 - = +6.75.

I u000

b. Flight Acceleration Load Analysis

The flight acceleration loads govern the design of the
armored shell support brackets and A-frame structure.
A free body of the armored shell is shown in Figure
14.

The resultant cg of the pilot and seat is also shown
in Figure 14. The applied flight loads are as follows:

Pz = *(W + w) T.09
P x =.(w + W 1 3.09

I3 =: (ws + w)3.og

where

W = weight of shell and applicable support structure
s 320 lb (.50 caliber)

W = wEight of pilot = 180 lbP

These are ultimate loads and will be applied individually.

P = 0(180 + 320) T.0 = 3 3,500 lb

P = P = *(500) 3.0 1=,500 lb

Vertical Load Analysis (Pz)

The vertical and horizontal forces (V and H) are
determined as follows:

V = z 0 = 875 lb

P z(g1 -"Irv
H - =1,347 1045 lb
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The diagonal tubular member load is

P = 1 . 1,855 lb.
c 12 (cos 45°)

The free body of the vertical strut is shown in Figure 15.

-"PS * 1~- 20" (0.06 WALL 434 MFEf. TUSE)

POTENTIAL

AREA

~4S~ LB

Figure 15. Free Body of Vertical Strut.

The bending moment developed in this member in the
"potential d iilure" area indicated in ?Agure 15 is

Mcr - 1310 (6) = 7,860 in.-lb.

The bending stre-s,

p

- K



M R
cb=cr o R=0.60; R (R m ~6) =0.54 in.

= 7,6o (.2 6o 134,500 Psi
~i0  Ri~j

The ultimate allowable stress for 4340 heat-treated steel
is
Ft = 150,000 Psi.

The margin oft safety is

M.S. =150. 000 - 1= 0.115.

This potential failure was verified by tests conducted by
the Hardm~ian Tool and Engineering Company. * The structure
sustained an ultimate failure in the vertical strut at a
vertical load of 4,000 pounds. The failure is shown in
Figure, 16.

Figure 16. Result of' Downward Load
Application. (Note 2Failure of
Vertical Strut Members; Ultimate
Load, 4,000 pound~s.)

2 - *UH-1 Armored Helicopter Seat Test, Hairdman 'Ibol & lngineering Company.,
Test Report 249, 14 May 1965.
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Seat-Back, Forward-Load Analysis

The diagonal-tiube member is subjected to compression and
bending and will govern the response of the structure.
Bending is induced due to eccentric loading. The free
body of the primary structure is shown in Figure 17.

The restraint afforded by the forward tube of the carriage
is conservatively neglected. The axial load in the member
is given by

P (19)
P 1

c 12 (cos 4.5 0 ) 2

= 20= 1,680 lb.
24 (cos 450)

PC

0.875 O.D.
0.12 WALL

L= 1. 5 SIMPLE SUPPORT

Figure 17. Free Body of Diagonal-Tube
Member (Forward Load Condition).

Mae point of maximum bending moment (X) is
L

I Cos 0.,61375

sin

35
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where

t L 1T 175 in.

- .19.3 in.

E = 30 x i06 psi

I = 0.0208 in.4

= tan"I 0.777 = 0.66 radian

X = 0.66 (19.3) = 12.72 in.

The maximum bending moment is

MMM =
max XCOS -

where

M = (PC) 2 = 3360 in.-lb

Cos = 0.79

M M62 4250 in.-lb
"max 0.79

The bending stress is

4•250 (o. 4375) ; •-:-- 1 (114. 4• R = 0 O43•75
oRi =0.3175

f = 89,500 psi.

Tihe axial stress is

P c 168oSA 0--.29 = 5800 psi.

The combined stress ic

c =f b + fa = 89,500 + 5800 = 95,300 psi.

The allowable stress for 4130 )":st treated steel is

Ft, = 125,00C psi.

t,3



The margin of safety is
M.S. = 125,000 - 1 +0.31.

95,300

A forward-load test was conducted by the Hardman Engineering
Company and substantiated the fact that the diagonal member
governs the response of the structure for this load condition.
Figure 18 shows the failure of the diagonal members at a
forward load of 2,600 pounds.

Figure 18. Result of Forward Load
Application. (Note Bend of Diagonals
Indicating Failure; Ultimate Forward
Load, 2,600 pounds.)

Seat - Side Load Analysis

2he applied load is imposed on the aft vertical frame of the
carr:iage. The critical area occurs at the lover connection
point for the vertical tubular member, as shown in Figure
19. The tensioL load applied to the rail induces shear
di.rectly above the lover bolted connected point on the
rail. The applied shear load,

-As
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S1,5oo06 (19 1,785 lb.
- 16

The shear tear-out area (rail) is

A = 0.40 (0.080) 4 = 0.128 in. 2

The shear stress is

P 1T
0s = 5 = 14,000 psi.

s

The allowable ultimate shear stress for the rail (2024-T42)
is

F = 35,000 psi.su

The margin of safety is

' ;000
M.S. = - 1 = +1.5.

A side load test was conducted. by the Hardman Engineering
Company. Mhe structure failed, in the manner outlined
above, at a load of 4, 8 00 pounds. This is shown in
Figure 20.

Figure 20. Result of Sideward-Lcad
Application (Note Tear-Out at Track
Rail; Failure Load, 4,800 Pounds). ,
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